Introduction
Clean air is a basic requirement of life (World Health Organization, 2010) . The Indoor Air Quality (IAQ) has been the object of several studies due to an increasing concern within the scientific community on the effects of indoor air quality upon health, especially as people tend to spend more time indoors than outdoors (Franck et al., 2011; Canha et al., 2010; WHO, 2010; Environmental Protection Agency, 2010; Saliba et al., 2009; Fraga et al., 2008; Fromme et al., 2007; Guo et al., 2004; Kosonen, 2004; Lee et al., 2002a; Lee et al., 2002b; Carrer et al., 2002; Lee et al., 2001; Li et al., 2001; Wilson & Spengler, 1996; Allen & Miguel, 1995; Jenkins et al., 1992; WHO, n.d.) . The quality of air inside homes, offices, schools or other private and public buildings is an essential determinant of healthy life and people's well-being (WHO, 2010) . People can be exposed to contaminants by inhalation, ingestion and dermal contact. In the past, scientists have paid much attention to the study of exposure to outdoor air contaminants, because they have realised the seriousness of outdoor air pollution problems. However, each indoor microenvironment has unique characteristics, determined by the local outdoor air, specific building characteristics and indoor activities . Indeed, hazardous substances are emitted from buildings, construction materials and indoor equipment or due to human activities indoors (WHO, 2010; Carrer et al., 2002) . Reports about buildings with air-related problems have received increasing attention since the 1970s (Spengler & Sexton, 1983; Hodgson, 1992) . In an indoor environment, dust on floors and other surfaces contains minerals, metals, fibres from textiles, paper, and insulation material, particles from tobacco smoke, including polycyclic aromatic compounds (PAH's). For this reason, the indoor environment is cleaned to maintain an acceptable level of perceived cleanliness, to prevent surface degradation, to control potential risk of infection from microorganisms, and to control dust exposure in general (Wolkoff et al., 1998) . All of these pollutants could cause significant damage to health globally (WHO, 2010) .
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The IAQ in school buildings is expected to be a key role player in the assessment of the effects of the children personal exposure to air pollution as children spend at least a third of their time inside school buildings, that is, approximately seven or more hours a day in school EPA, 2010; Pegas et al., 2010; Wheeler et al., 2009; Ramachandran et al., 2005) . Poor IAQ can affect scholarly performance and attendance (Daisey et al. 2003; Godoi et al. 2009 ). Hence, several studies about air quality in schools have recently been published (Goyal & Khare, 2009; Tippayawong et al., 2009; Fraga et al., 2008; Fromme et al., 2007; Hwang et al., 2006) . Environmental asthma triggers commonly found in school buildings include respiratory viruses; cockroaches and other pests; mold resulting from excess moisture in the building; dander from animals in the classroom; and dander brought on the clothing from animals at home. Second-hand smoke and dust mites are other known environmental asthma triggers found in schools. Children with asthma may be affected by other pollutants from sources inside schools, such as unvented stoves or heaters and common products including chemicals, cleaning agents, perfumes, pesticides and sprays. Indoor Air Quality problems in schools may be even more serious than in other categories of buildings, due to higher occupant density and insufficient outside air supply, aggravated by frequent poor construction and/or maintenance of school buildings . Schools are seen as particularly likely to have environmental deficiencies because chronic shortages of funding contribute to inadequate operation and maintenance of facilities (Mendell & Heath, 2005) . Previous studies showed the poor indoor environmental quality at schools may be explained by: (1) insufficient ventilation in schools, especially in winter, (2) infrequently and not thoroughly cleaned indoor surfaces, and (3) a large number of students in relation to room area and volume, with constant re-suspension of particles from room surfaces (Janssen et al., 1999) . Children constitute a sensitive group with higher risk than adults (Stranger et al., 2007a) because children are particularly vulnerable to pollutants due to their undeveloped airways (Stranger et al., 2007a; Mendell et al., 2005) . Moreover, children have greater susceptibility to some environmental pollutants than adults, because they breathe higher volumes of air relative to their body weights and their tissues and organs are actively growing (Mendell & Heath, 2005) . The effects of air pollution on children have been growing (Khan et al., 2007) and one of the consequences is the increase of the prevalence of allergic rhinitis (ISAAC, 1998) . The chemical and microbiological parameters required by the Portuguese Legislation for IAQ monitoring purposes are: carbon dioxide (CO 2 ), carbon monoxide (CO), ozone (O 3 ), formaldehyde (HCHO), volatiles organic compound (VOCs), bacteria and fungi (DL n.º 79/2006) . Some of these parameters will be studied below.
Particulate matter
Particulate matter (PM) may be divided into two broad classes depending upon the manner by which it is introduced into atmosphere. A primary component consists of those particles released directly from their source, while a secondary component consists of those particles created in the atmosphere via chemical reactions between pollutants that were originally emitted as gases (Gilli et al., 2007; Schlesinger & Cassie, 2003; Mysliwiec & Kleeman, 2002) . Indoor particle concentration depends on penetration of outdoor particles into the indoor environment and on the intensity of indoor aerosol sources (Estoková et al., 2010; Franck et al., 2011; Estoková et al., 2010) . The number and behavior of inhabitants and the amount of indoor contamination sources determine temporal and spatial variations of indoor aerosol distribution. In addition, wet processes as cleaning, washing and drying increase relative www.intechopen.com Indoor Air Quality in Primary Schools 363 humidity which can lead to variations in particle size distribution (Estoková et al., 2010) . The particles can also vary in their chemical composition (Karthikeyan & Balasubramanian, 2006) . For legislation purposes, PM is defined as "inhalable" if its aerodynamic diameter is below 10µm (PM 10 ), but there is continuing debate whether the adverse health effects of PM are associated more with small particles or not (Grigg, 2009) . Inhalation of particulate material may cause prejudicial human health effects either in the short or long terms (Allen & Miguel, 1995) . Many epidemiological studies found correlations between exposure to PM (or PM components) and adverse health effects (Franck, et al., 2011; Estoková, et al., 2010; Tippayawong et al., 2009; Fang et al., 2006; Wilson & Spengler, 1996) . Hazardous influence of particles is related to their penetrations and deposition into human respiratory system. Nevertheless, there is no clear agreement as to a biologically plausible mechanism, which can explain the acute mortality/morbidity, associated with PM exposure. In addition there is no consensus as to which components of PM are responsible for the excess mortality and morbidity (González-Flecha, 2004) . PM sources typically include smoking and cooking. While the school environment lacks these typical indoor PM sources, there is growing evidence of high concentrations of PM in classrooms (Stranger et al., 2007b; Janssen et al., 2001 ).
Chemical elements and water-soluble Ions
Due to inhalation exposure, the chemical composition of the particulate matter can cause toxic health effects on humans. In particular, the presence of metal substances is considered to be a significant factor of health risk. Although elemental components constitute only a small portion by mass of PM, some trace elements (e.g. Pb, As, Se, Cd, Hg, etc.) may pose a serious threat to human health, causing inflammation or DNA damage, and altering permeability by inducing production of oxygen species (OHd) in tissues (Health Effects Institute, 2002) . There have been numerous studies that have measured the concentrations of PM within indoor environments. In a study taken by the Department of Environmental Sciences, Environmental and Occupational Health Group, in the University of Wageningen in the Netherlands, with the objective to investigate the sources of high concentrations of PM 10 particles in classrooms, they observed that the highest classroom/outdoor ratios were found for the elements from soils Si, Ca and Ti. The only measured elements that were not increased were S, Pb, Br and Cl, which are dominated by non-crustal sources. For S, Br and Pb, which are generally associated with particles <1µm, significant correlations between classroom and outdoor concentrations and between two classrooms were found (Janssen et al., 1999) . The chemical composition of particulate matter is important to gain insights into sources (Karthikeyan & Balasubramanian, 2006) . Buildings can be considered to be small chemical reaction chambers embedded in the larger outdoor atmosphere with different surface to volume ratios, temperatures, and residence times, which interact with and are influenced by the outdoor (Lunden et al., 2003) . Phase changes may also affect particle concentrations, and may be rapid with respect to residence times. Vapor absorption or reaction at the surfaces inside the residence may be important to the partitioning of semi-volatile constituents between the vapor and particle phases. A number of important aerosol chemical species are prime candidates for continued chemical interactions indoors, including organic carbon and ammonium nitrate (Lunden et al., 2003) . Some of these chemicals were found indoors and can cause irritation of skin, respiratory system and eyes (Allen & Miguel, 1995) . Different studies have shown persuasive evidence linking higher indoor NO 2 concentrations to reduced school attendance and low ventilation rates to reduced performance (Mendell et al., 2005; Kim et al., 2007) .
Volatile Organic Compounds and carbonyls
In the scientific literature, two different emissions types of Volatile Organic Compounds (VOCs) are defined: primary and secondary. The primary emissions are free (non-bound) VOCs. These generally are low molecular weight VOCs. Secondary emissions are chemically or physically bound VOCs and several of these are emitted or formed by different processes under special chemical or physical conditions (Wolkoff, 1999) . VOCs are easily released into indoor air and are recognized as the major air pollutants in the indoor air (Guo et al., 2004; Viegas & Prista, 2010) . One of the most important sources of VOCs are the consumer products, like wood, paint, food, cleaners, etc. Results from a study in dwellings suggest that indoor VOCs and formaldehyde may cause asthma-like symptoms (Norback et al., 1995) . Indoor air is a significant source of benzene exposure and inhalation is the main pathway of human exposure to this pollutant. Benzene is a genotoxic carcinogen in humans. There is no known exposure threshold for the risk of benzene exposure, so, it is expedient to reduce indoor exposure levels to as low as possible: no safe level of exposure can be recommended (WHO, 2010) . In schools, the most commonly measured pollutants in indoor air are formaldehyde, total VOCs, CO 2 and bioaerosols (Bayer et al., 2000) .
Material and methods

Sampling site and schools description
This study was carried out in Lisbon, which is the largest city of Portugal. Lisbon has a population of about half a million inhabitants in 84.8 km 2 while the metropolitan area of 2870 km 2 has around 2.8 million inhabitants . Data on the characteristics of classrooms and indoor air were collected in 14 primary schools in Lisbon. Figure 1 shows the location of these 14 primary schools. For each school, data were collected in two classrooms, named for reference purposes as classroom "a" and classroom "b". The information concerning the classrooms characteristics is presented in Table 1 . All schools have natural ventilation and there is no forced ventilation or air conditioning system in use (ventilation is done by opening doors and windows). The data studied here is part of a larger study, which has been described and analysed in previous research (Almeida et al., 2011; Canha et al., 2010 Canha et al., , 2011 Pegas et al., 2010 Pegas et al., , 2011a Pegas et al., , 2011b .
Sampling and chemical analysis
Three campaigns for total particulate matter sampling were conducted: spring (May-June 2009, total of 34 days), autumn (October-December 2009, total of 62/68 days) and winter (January-March 2010, total of 76/78 days). Sampling of VOCs and carbonyls was performed in the same periods but only for 14 consecutive days within the studied season. Although there are results for all the campaigns and measured parameters, only the campaigns and measured parameters which have results for the two classrooms of all 14 schools were considered in this study. They are shortly described below. All the values of the parameters were normalized to the day.
Mass of total particulate matter (TPM)
Filters were passively exposed (Canha et al, 2011) . A total of six 47-mm diameter Millipore (Isopore TM ) polycarbonate filters were exposed in each classroom, distributed over a tray with an area of 25 cm x 20 cm, at 120-cm high to approximate the breathing height of children inside the classrooms. Each filter was placed inside an uncovered plastic Petri dish. Filters with pore sizes of 0.4 and 0.8 µm were used. The filter loads were measured by gravimetry with a 0.1 g sensitivity balance, in a controlled clean room (class 10,000) inside a 100 class clean hood. Filter mass before and after sampling was obtained as the average of three measurements, when observed variations were less than 5%.
Mass of chemical elements in TPM
The exposed Millipore-polycarbonate filters and their corresponding blank filters were irradiated at the Portuguese Research Reactor (RPI-ITN; nominal power: 1 MW) for analyses by k 0 -INAA . Irradiation time was 5 h at a neutron flux density of 8 x 10 12 cm -2 s -1 . Each sample was rolled up and put into an aluminium foil for irradiation, removed from the foil after irradiation and put in a polyethylene container for measurement. Samples were measured 7 h after 3-5 days and after 3-4 weeks, with an ORTEC  automatic sample changer, equipped with an ORTEC coaxial hyperpure germanium detector (1.90 keV resolution at 1.33 MeV; 30% relative efficiency). One Al-0.1%Au alloy disc with a thickness of 125 µm and a diameter of 0.5 cm was used as comparator for the k 0 -methodology, and irradiated concurrently with the samples. A total of 4 replicates were analyzed for each type of blank filter. The chemical elements discussed in this study are gold (Au), chromium (Cr), potassium (K), antimony (Sb), scandium (Sc), and zinc (Zn).
Mass of water-soluble ions in TPM
Exposed polycarbonate filters were used for the determination of water-soluble inorganic ions. For each classroom, a set of 2-4 filters were used together as a unique sample. All the polyethylene containers and other used material in the process were decontaminated and water soluble sodium and nitrate ions contents were previously determined to confirm free 
VOCs & carbonyls
Volatile Organic Compounds and carbonyls were sampled in parallel using Radiello ® diffusive passive tubes (cartridges codes 130 and 165, respectively) for 14 consecutive days in two replicates (Pegas et al., , 2011a (Pegas et al., , 2011b . Samples were collected at a height of about 1.5 m above the classroom floor. The diffusive samplers were positioned at a distance that exceeded 1m from any window or door.
VOCs
The VOC adsorbing cartridges consisted of 60 mm length stainless steel net cylinders, with 100 mesh grid opening and 5.8 mm diameter, packed with 530±30 mg of activated charcoal with a particle size of 35-50 mesh. VOCs were extracted from the exposed samplers with 2 ml of carbon disulfide (CS 2 ) containing 2-fluorotoluene as an internal standard. The glass vials were shaken for approximately 30 min. The analyses of the extracts were performed by gas chromatography coupled to a flame ionisation detector (GC/FID). The equipment was calibrated before and during the sample analyses by injecting four standard solutions of all compounds identified in CS 2 . The analytes in these four standard solutions were present in concentrations of 40 ng µl -1 , 20 ng µl -1 , 10 ng µl -1 and 5 ng µl -1 . Depending on the analyte, the limit of detection (LOD = 3.3 (s/S), where s is the STDEV of areas and S is the slope) ranged from 0.34 to 2.52 ng µl -1 . The analyzed VOCs discussed in this study are aliphatic hydrocarbons (2-methylpentane -AC, n-hexane -AD, isooctane -AE, n-heptane -AF), aromatic hydrocarbons (benzene -AW, toluene -AY, ethylbenzene -AZ, m+p-xylene -BA, o-xylene -BC) and cyclohexane -BT.
Carbonyls
Carbonyls collected in cartridges filled with 2,4-dinitrophenylhydrazine reacted to result in the corresponding 2,4-dinitrophenylhydrazones. These were extracted with 2 ml of acetonitrile. The glass vials were shaken for approximately 30 minutes and the extract filtered through 0.45 µm disc membrane filters and injected into the high-performance liquid chromatography (HPLC) system. The carbonyl concentrations were quantified with external calibrations curves constructed from standard solutions of TO11/IP6A carbonyl-DNPH Mix. The limit of detection (LOD) ranged from 1.29 to 2.09 µg µl -1 . The analyzed carbonyls studied here are alcohols (acetaldehyde -AM, methanol -AP, ethanol -AQ, isopropanol -AR) and cetones (acetone -AK).
Statistical analysis
Wilcoxon signed rank tests (Hollander & Wolfe, 1973) were used to test differences between seasonal concentrations of the studied parameters. To investigate the association between independent variables (classroom characteristics) and dependent variables (measured parameters), for each dependent variable a linear model was first applied using all the ten independent variables characterizing the classrooms. The independent variables considered are: 1) level of classroom, 2) number of students per m 3 , 3) number of windows and doors opened, 4) type of board, 5) floor material, 6) ceiling material, 7) presence of heating device, 8) dusty surfaces, 9) number of cleanings per day, 10) view from classroom. The thirty-one dependent variables analysed are part of one of the following groups: 1) total particle mass, 2) chemical element mass, 3) mass of water soluble ions, 4) VOCs, 5) carbonyls. Then, the independent variables were taken out from the model, one by one, in order to select the best model. The best model selected was the one that minimized the AIC (Akaike, 1974) and had all terms significant. This analysis was conducted in the statistics package R. All selected models have all terms significant at 5%. The multiple R-squared refers to the fraction of variance explained by the model and was calculated for all selected models.
Results
Seasonal variability
The seasonal variation of total particulate matter is resumed in Fig. 2 . The results of the Wilcoxon signed rank tests indicated that the concentration of total particles in the air is lower in the spring than in the autumn (p=0.001) and in the winter (p<0.001). On the other hand, the tests showed no evidence to suggest a difference in the concentration of total particles in the air between the autumn and the winter (p=0.76). Fig. 3 Seasonal variation of benzene (AW) and toluene (AY) are shown in Fig. 5 . The test results supported that the concentration of AW in the air is lower in the spring than in the autumn (p<0.001). There is also evidence that the concentration is smaller in the autumn than in the winter (p<0.001). The results indicated no difference in the concentration of AY between the spring and the autumn (p=0.20), but suggested that the concentration is smaller in the spring than in winter (p<0.001) and also smaller in the autumn than in the winter (p<0.001).
Analysis of the association of the classroom characteristics and the particle mass, water soluble ions, air concentration of certain elements VOCs and carbonyls
The results obtained are summarized in Tables 2-4 . The effects (i.e. regression coefficients) are shown for variables with significant effects. Figure 6 illustrates the relation of some of these variables in boxplot charts. 
Mass of total particulate matter
In autumn and winter, 73% and 67% respectively of the variability across classrooms of the particle mass indoor is explained by the studied classroom characteristics. There are negative significant associations with the number of windows opened (p<0.01 in autumn; p<0.05 in winter) and the existence of heating device (p<0.001 in autumn; and p<0.05 in winter). Classroom facing the street -as opposed to an inner patio -are associated with lower concentrations of particle mass indoor in both autumn and winter (p<0.001 in autumn and p<0.01 in winter). The ceiling material (p<0.001 in autumn and p<0.01 in winter) has Spring Autumn Winter Spring Autumn Winter also a significant effect, with the results suggesting that wood may be associated with lower levels of particle mass indoor and false ceilings with higher levels of particle mass indoor.
Regarding the particle mass in spring, none of the variables is significant at 5%.
Chemical elements in particulate mass
Available measurements for the chemical elements refer all to the autumn season. The classroom characteristics considered in this study explained 57% of the variability of total chromium. Significant effects were found for: (i) the ceiling material (p<0.05), with a positive association with wood ceilings, and (ii) the existence of a heating device (p<0.05) with lower Cr when devices are present. According to the value of the multiple R 2 , the floor and ceiling materials explain together 52% of the variation of the total antimony (Sb) in particle mass indoor. The significant effects of floor material (p<0.05) and the ceiling material (p<0.01) suggest lower Sb amount in classrooms with vinyl floors and slab ceilings. For total scandium (Sc) indoor in particle mass, 57% of its variation is explained by: (i) the number of windows/doors opened (p<0.05), which is negatively associated to Sc, (ii) the use of whiteboard with pen (p<0.01), which is associated to higher Sc amount, (iii) the ceiling material (p<0.05), with slab and wood associated to lower levels of Sc in the classroom, and (iv) the classroom facing the street as opposed to an inner patio, the former being negatively associated to the Sc amount in the classroom (p<0.05). With 55% of the variability explained, the total zinc (Zn) indoor in particle mass displays significant effects for (i) the number of students per cubic meter (positive relation, p<0.01), (ii) the existence of a heating device in the classroom, with a negative relation (p<0.05), (iii) the dust present in the classroom (negative relation, p<0.01), and (iv) the number of cleanings per day (negative relation, p<0.001). For Au and K, the variables studied only explain 16% and 35%, respectively of their variation across classrooms. Higher concentrations of Au are associated with classrooms facing inner patios as opposed to a street (p<0.05). Higher concentrations of K are associated with fewer opened windows (p<0.05) and cork ceilings (p<0.05).
Water-soluble ions in particulate mass
All data on ions were collected in the winter season. The studied classroom characteristics appear to explain a large part of the variability across classrooms of chloride (Cl -), magnesium (Mg 2+ ) and sodium (Na + ) ions (multiple R 2 equals 0.81, 0.77 and 0.68, respectively). On the contrary, few variation has been explained for the sulphate (SO 4 2-) and calcium (Ca 2+ ) ions, as the multiple R 2 are relatively low (0.18 and 0.25, respectively). This suggests that other factors, not included in this study may be responsible for the variability of these ions. The sodium and chloride ions present significant associations with almost the same group of variables. Namely, both ions present significant associations with the floor level of the classroom (p<0.05) suggesting lower concentrations in the ground and 1st floors. The floor and the ceiling materials also have significant effects on these two ions with wooden floors and ceilings presenting the lowest coefficient and thus associated with lower concentrations. False ceilings are, on the contrary, associated with higher concentrations. In addition, the number of cleanings per day also has a significant negative effect (Na + : p<0.05; Cl -: p<0.001), with higher numbers being associated with lower concentrations of the water soluble Na + and Cl -indoor.
The results indicate that the use of whiteboard with pen -as opposed to blackboard with chalk Table 2 . Regression coefficients and their significance for particle mass and elements (significant codes: *** <0.001; ** <0.01; * <0.05). The results for the water soluble F -indoor indicate significant effects for the use of whiteboard with pen (p<0.01), the ceiling material (p<0.05), the number of cleanings per day (p<0.05), and classroom facing street/inner patio (p<0.01). The amount of F -seems to be lowest in classrooms with slab ceilings, facing the street, using blackboard with chalk and having more cleanings per day. For the water soluble NO 3 -indoor, significant effects were found for the use of whiteboard with pen versus backboard with chalk (p<0.05), the floor material (p<0.05), the number of cleaning per day (p<0.01) and the presence of a heating device (p<0.01). Higher levels of this ion are associated with plastic floors, whereas vinyl and wooden floors, presence of heating device and higher number of cleanings are associated with lower concentrations. The ion PO 4 3-shows significant effects for use of whiteboard with pen (p<0.001) and classroom facing street/inner patio (p<0.05). Classrooms using whiteboard with pen and facing inner patios are associated with higher concentrations of this ion.
Dependent variable
Independent variables
VOCs and carbonyls
Toluene (AY) and isooctane (AE), both collected in autumn, present significant effects for the same variables: floor level (p<0.001 for AY; p<0.01 for AE), ceiling material (p<0.001), heating device (p<0.001) and classroom facing street/inner patio (p<0.01). These variables explain 92% and 80% of variability of AY and AE, respectively. For both VOCs, higher concentrations are associated with classrooms in the basement, facing inner patios or without heating devices. Classrooms with wooden ceilings are associated with higher levels of AY while classrooms with cork ceilings are associated with higher levels of AE. Lower concentrations of AY and AE are associated with classrooms on the ground floor, with heating devices, facing the street. Classrooms with slab ceilings are associated with lower levels of AY and those with wooden ceilings are associated with lower levels of AE. No significant effects were found for the spring and winter measurements of AY and the autumn measurement of AE. Benzene (AW) was measured in spring, autumn and winter, but only the autumn and winter measurements show significant effects with variables considered in this study, which explained 82% and 53%, respectively, of the variation of those measurements. For the autumn measurement, significant effects were found for floor level (p<0.01), floor material (p<0.05), presence of heating device (p<0.001), dust in surfaces (p<0.01) and classroom facing the street/inner patio (p<0.001). In particular, the effects are positive for dust in surfaces and negative for presence of heating device and classroom facing the street. Classrooms in the basement and with brick floors are associated with higher concentration of AW in autumn. The concentration of AW in winter was shown to be significantly larger from that in the autumn (see section 3.1) and the set of variables with significant effects is also different. In winter, the floor level, the floor material, the heating device and the classroom facing the street/inner patio are no longer significant. Instead, significant effects were found with the type of board (p<0.01), the ceiling material (p<0.05), dust (p<0.05) and the number of cleanings per day (p<0.05). Wooden ceilings, the use of whiteboard with pen, and lower number of cleanings were associated with higher concentration of AW, whereas slab and false ceilings, the use of blackboard with chalk, and higher number of cleanings were associated with lower concentrations of AW. The variable dust, which showed a positive significant effect in autumn, has on the contrary a negative significant effect in the winter. The m+p xylene (BA) indoor was collected in spring and 78% of its variation is explained by one variable alone, the floor material (p<0.001). Classrooms with plastic floors are associated with higher concentrations of this VOC. The n-hexane (AD) indoor, also collected in spring, shows as well a significant effect with floor material (p<0.001) and classrooms with plastic floors are again associated with higher concentrations. The presence of a heating device shows too a significant effect (p<0.05), with classroom with heating devices associated with lower concentrations. Floor material and heating device explained 71% of the variation of this VOC. Acetone (AK) was measured in autumn and winter but only the autumn measurements displayed significant effects with the variables studied here, namely floor level (p<0.01), number of windows and doors opened (p<0.01), ceiling material (p<0.01) and classroom facing the street/inner patio (p<0.001). Altogether, these four variables explain 70% of the variation of AK in autumn. Higher floors and larger number of windows/doors opened are associated with lower concentrations. The ceiling materials associated with lower concentrations are slab and wood, and those with higher are false ceilings and cork ceilings. Classrooms facing the street are associated with lower concentrations of AK. Indoor 2-methylpentane (AC) in winter displayed a positive significant effect for the number of students per m 3 (p<0.001) and negative significant effects for the number of cleanings per day (p<0.05) and for dust (p<0.01). These three variables explained 69% of variation of AC. Cychlohexane (BT), collected in autumn, is significantly associated to floor level (p<0.01), ceiling material (p<0.001) and existence of heating device (p<0.01), which explain 69% of variation of BT. The ground floor is associated with lower concentrations and the basement with higher concentrations; cork ceilings and classrooms without heating devices are associated with higher concentrations. The model selected for ethanol (AQ) indoor presents two variables with significant effects explaining 66% of the variation of this carbonyl: the floor level (p<0.001) -the basement is associated with higher concentrations -and the number of windows opened (p<0.01) with higher ethanol indoor associated with larger numbers of opened windows/doors. The model selected for isopropanol (AR) indoor explains 53% of its variation and contains three variables with significant effects: floor material (p<0.05) -vinyl associated to lower concentrations and brick with higher concentrations -, heating device (p<0.001) -presence of device associated with lower concentrations -and the existence of dust overall (p<0.01) -associated with higher concentrations. The methanol (AP) indoor displays a positive significant effect for the number of students per cubic meter (p<0.001) and a negative significant effect for the number of cleanings per day (p<0.05). The two variables explain 52% of the variation of AP. For all other VOCs and carbonyls, the multiple R 2 is less than 50% and the selected models contain at most two variables with significant effects. It may be worth noting the positive significant effect for students per cubic meter for AE in winter. The floor material shows significant effects in the models for AZ, AF and BC (all collected in spring).
Discussion and conclusions
In this study, models were applied to several components of the air to investigate associations with classrooms characteristics. Some patterns emerged across these analyses:  Classrooms facing a street seem to have lower air concentrations of several components than those facing an inner patio. This could be linked to ventilation issues as inner patios may generate less air movement and consequent accumulation of some components. Classrooms facing the inner patios are associated with higher concentration of Au, Sc, PO 4 3-, F -, isooctane -AE (autumn), acetone -AK, benzene -AW (autumn) and toluene -AY, as well as TPM mass with less particle mass in the autumn and winter.  Classrooms with higher number of windows/doors opened were associated with less particle mass, K, Sc, acetone -AK and Na + in the air, possibly due to increased ventilation. However, a larger number of opened windows/doors was also associated with more o-xylene -BC and ethanol -AQ, which suggests outdoor sources for these two components.  Crowded classrooms seem to lead to increased concentrations of several components. The density of students per m 3 was found to be positively associated with the concentrations of Zn, 2-methylpentane -AC, methanol -AP, isooctane -AE (winter) and benzene -AW (autumn).  Classrooms located in basements seem to suffer from accumulation of several components, perhaps due to lack of ventilation. The results indicated that the air of the classrooms in the basement tended to have more particle mass, cyclohexane -BT, ethanol -AQ, isooctane -AE, acetone -AK, benzene -AW (autumn), toluene -AY, Na + and Cl -.  Cleanings appear to contribute to a decrease in several air components, but to an increase of others. It is possible that some components of the cleaning products pass into the air. Classrooms with higher number of cleanings a day were associated with higher concentrations of acetaldehyde -AM but reduced concentrations of Zn, several ions (Na + , Cl -, K + , NO 3 -, F -, Mg 2+ ), 2-methylpentane -AC, methanol -AP and benzene -AW (winter).

The results suggest that the air of dusty classrooms also favours increased concentrations of some elements, VOCs and carbonyls but is associated with lower concentrations of others; no association was found with ions. Namely, dusty classrooms were associated with lower levels of Zn, 2-methylpentane -AC, benzene -AW in winter, but higher levels of isopropanol -AR and benzene -AW in autumn. Although the presence of dust is likely to be due to less thorough cleanings, there may also be accumulation of components in the dust which would be thrown to the air by cleaning tasks.
The presence of a heating device seems to be related to lower concentrations of a number of components, such as particle mass, Cr, Zn, Ca 2+ , SO 4 2-and NO 3 -; n-hexane -AD, isooctane -AE (autumn), isopropanol -AR, benzene -AW (autumn), toluene -AY (autumn) and cyclohexane -BT. Future analyses on the type and frequency of heating devices used will be needed to reveal the mechanism underlying these associations.  Chalk and whiteboard pens are expected to liberate distinct substances. The use of whiteboard pens was associated with higher concentrations of Sc, benzene -AW (winter), Cl -, PO 4 3-, NO 3 -and F -.  Different construction materials appear to impact on specific elements. Overall, wood seems to lead to a reduced concentration of several elements. Wooden ceilings in particular were associated with lower concentrations of particle mass, K, Sc, cyclohexane -BT, isooctane -AE (autumn) and acetone -AK; wooden ceilings and floors were associated with lower concentrations of Na + , Cl -, Mg 2+ and K + . Plastic floors on the contrary were associated with higher concentrations of several components, including Sb; VOCs such as n-hexane -AD, n-heptane -AF, ethylbenzene -AZ, m+p xylene -BA and o-xylene -BC; several ions, like Cl -, Mg 2+ and NO 3 -. These results support evidence on the emissions of hazardous substances from buildings and construction materials (WHO, 2010; Carrer et al., 2002) , but must be interpreted with caution as there is only one classroom with plastic floor and one school (two classrooms) with wooden ceilings. The significant effects observed could be associated with other factors present in that particular classroom/school. Few components in this study were measured for more than one season. The seasonal analysis, albeit limited, suggested higher concentrations in winter as compared to spring of particle mass and of two VOCs, benzene -AW and toluene -AY. Spring being the season when windows tend to be open due to higher temperatures, these results suggest that these components get trapped in classrooms for lack of ventilation. The concentrations of isooctane -AE and acetone -AK as well as benzene -AW and toluene -AY seem to be higher in winter than in autumn. For some elements, namely Cr, K and Sb, the concentrations seem, on the contrary, to be higher in autumn than in winter. This study suggests the importance of cleaning and ventilation practices as well as construction materials on the indoor air quality in schools. It is known for example that benzene -AW has adverse health effects. The results obtained here suggest that lower concentrations of benzene -AW may be obtained with less crowded and better ventilated classrooms, frequent cleanings and by avoiding the use of whiteboard pens. Overall, the conclusions of this study point to the following recommendations: 1) classrooms should face streets rather than patios and should not be located in basements, 2) the density of students can affect the indoor environment and should be limited, 3) wooden materials appear to have advantages as building materials due to a lower input of contaminants. In this work, wood did not contribute to an increase of the VOCs, as r e p o r t e d i n p r e v i o u s r e s e a r c h ( N o r b a c k e t al., 1995). Other factors, like ventilation, cleanings and use of chalk versus whiteboard pens, can reduce or increase specific contaminants inside the classrooms. Therefore, caution is suggested when deciding on building materials for schools and on school practices, such as cleaning and boards, as these may affect the indoor air which children will breathe for long periods of the day. Akaike, H. (1974) . A new look at statistical model idemtification. IEEE Transactions on Automatic Control, [716] [717] [718] [719] [720] [721] [722] 
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